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WOOO/57240 
First Embodiment 

Fig. 1 a is a cross section of a LCD device according to an embodiment of the invention. 
Fig. lb is an enlarged view of a portion I of Fig. la. 

In this embodiment, a reflective LCD panel is provided with a lighting device including 
a light guiding member 13 and a linear light source 14, such as a fluorescent lamp or 
LED, and with an input device 1 5, such as a touch panel. 

On the inside of a first substrate 1, which is a lower glass substrate, there are formed a 
reflective layer 2 comprised of aluminum thin film, a protective film 3 comprised of 
oxidation resistant film such as Si0 2 , and lower electrodes (signal electrodes) 4 
comprised of transparent conduction film such as ITO (Indium Tin oxide). 

On the inside of a second substrate 5, which is an upper glass substrate, there are 
formed: three-color filters 6 (R, Q B) comprised of organic resin film to which a dye or 
pigment is added; a protective film 7 comprised of organic material for preventing the 
entry of impurities into a liquid crystal layer 9 from the color filters 6 and making the 
internal surface of the second substrate 5 flat; and an upper electrode (scanning 
electrode) 8 comprised of transparent conduction film such as ITO. 

If necessary, a light shielding film (black matrix) of a grid- or striped-pattern is formed 
between each color R, G, and B that comprise the color filters 6, and the protective film 
7 is formed thereon. 

The liquid crystal layer 9, which is comprised of a liquid crystal composition, is injected 
between these first substrate 1 and second substrate 5, which are then sealed with a 
sealant 10, such as epoxy resin or the like, thereby constructing an LCD panel. 

A polarization plate 12b, a first retarder 12c, and a second retarder 12d are stacked on 
the outside (upper side) of the second substrate 5, which is the substrate of the LCD 
panel on the observer side. Adhesive layers 11 and 11a of an adhesive (such as epoxy 
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or acrylic adhesive), or sticky material, or the like are provided between the second 
substrate 5, the polarization plate 12b, the first retarder 12c, and the second retarder 12d, 
whereby the individual members are fixed. The sticky material herein refer to the type 
of adhesives with which the optical films 12 of various kinds can be affixed to each 
other, peeled off each other, and then affixed to each other again. Use of such sticky 
agent for affixing the various types of optical films 12 and the LCD panel together 
allows for a reuse in case the optical films 12 have been fixed by mistake. As a result, 
it is possible to improve the production yield of the LCDs. 

Preferably the reflective layer 2 is specular reflective from the viewpoint of reflectivity, 
and an aluminum film is formed by evaporation in the embodiment of the invention. A 
multilayer film may be provided on the surface of the reflective layer 2 so as to improve 
the reflectivity, and the protective film 3 is formed thereon to protect the reflective layer 
2 from corrosion and to flatten the surface thereof. 

The reflective layer 2 is not limited to aluminum but may be made of other metal films, 
such as chrome or silver, or nonmetallic films as long as they are specular reflective. 
Also, the protective film 3 is not limited to a Si0 2 film but may be any insulating film 
that protects the reflective layer 2. Examples are an inorganic film such as a silicon 
nitride film and organic metal film such as an organic titanium film, or an organic film 
of polyimide or epoxy. Especially, organic films of polyimide or epoxy and the like is 
excellent in flatness and facilitates the formation of the lower electrode 4 on the 
protective film 3. Also, if an organic metal film such as an organic titanium film is 
used as the protective film 3, the lower electrode 4 can be formed at a high temperature 
such that the lead resistance of the lower electrode 4 can be reduced. 

Above the liquid crystal panel provided with a multilayered-optical film 12, there are 
mounted the light guiding member 13 and the illuminant 14 as lighting devices that are 
used when the amount of external light is small. The light guiding member 13 is 
comprised of transparent resin such as acrylic resin. A printed pattern or a 
concave-convex pattern is provided on the surface (top surface) of the observer's side of 
the light-guiding member 13 for causing light L4 from the light source 14 to be emitted 
towards the LCD panel. 

Furthermore, an input device 15 such as a touch panel is provided on the lighting device. 
When the surface of the input device 15 is depressed with a sharp-pointed stick, such as 
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a pen, or a finger, the location that has been pressed is detected and a data signal to be 
sent to a host 50 of an information-processing device 47 is outputted. 

The second substrate 5 of the LCD panel, the light guiding member 13, and the input 
device are fixed with two-sided adhesive tape (such as a non-woven fabric soaked with 
a sticky agent) and the like. A two-sided adhesive tape can be affixed and then peeled, 
allowing the LCD panel, lighting devices, and the input device to be reused if they have 
been fixed by mistake. 

When lighting or data entry is not needed, the lighting devices or the input device 15 
may be eliminated. Thus, the lighting devices or the input device 15 may be added to 
the LCD panel when needed. 

According to the embodiment of the present invention, the adhesive layer 11a provided 
between the first retarder 12c and the second retarder 12d has a light-diffusion function. 
Specifically, as shown in Fig. lb, an adhesive 17 contains a light-diffusion material 16 
whose refractive index is different from that of the adhesive 17. Because the refractive 
indexes of the adhesive 17 and the diffusion material 16 are different, light is scattered 
in the adhesive layer 11a. The adhesive 17 and the diffusion material 16 only need to 
be different in reflective indexes. Normally, when epoxy-based adhesive or acrylic 
adhesive is used as the adhesive 17, transparent organic particles of polyethylene, 
polystyrene, or divinylbenzene and the like, or transparent inorganic particles of silica, 
e.g., can be used as the diffusion material 16. The adhesive 17 may be the 
aforementioned sticky agent as long as its refractive index is different from that of the 
diffusion material 16. In this case, the first retarder 12c can be reused in case it is 
affixed to the second retarder 12c by mistake. The reflectivity or the spectral 
characteristics of the LCD can be improved by employing transparent inorganic or 
organic particles for the diffusion material 16 because of their small absorption in the 
visible light region. Furthermore, by employing organic particles for the diffusion 
material 16 when the adhesive 17 is an organic material, the difference in their 
coefficients of thermal expansion can be reduced. Therefore, cracking does not occur 
in the adhesive layer 1 1 a. 

Mixing the diffusion material 1 6 into the adhesive 1 7 may make it easier for cracks to 
occur in the adhesive 11a than when the adhesive 17 alone is used. However, the 
problem of cracking in the adhesive layer 1 1 a is prevented in the embodiment of the 
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present invention by the adhesive layer 11a having diffusion material between the first 
retarder 12c and the second retarder 12d, both of which have practically the same 
coefficients of thermal expansion. 
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(57) Abstract 

A liquid crystal display of which the size, thickness, and weight are 
small. The display has a light diffusing layer which is provided in the 
display part and made of adhesive (17) and a light diffusing material (16) 
having a different refractive index from that of the adhesive (17). 
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